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ABSTRACT 

This document provides a detailed description and 

analysis of the recognition algorithms used In the 

Vlcens-Reddy speech recognition system. 
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1. INTRODUCTION 

This document provides a detailed description of the recognition procedures used 

in the Vicens-Reddy speech recognition system []]. It is a sequel to SDC 

TM-4652/200, Description and Analysis of the Vlcens-Reddy Preprocessing and 

Segmentation Algorithms, to which the reader is referred for a description of 

the terms and variables used. 

Recognition is a method of assigning linguistic labels to the sustained and 

transitional segments of the P-matrlx. There are 14 such labels for the 

sustained segments and one label for the transitional segments. These are 

given in Table 1. 

Table 1. Labels for Transitional and Sustained Segments 

Linguistic Label Four-Character Name Type Number  | 

Transitional TRAN 0    ! 
Consonant CNST i 

Nasal NASL 2 

Stop STOP 3 

Burst BRST 4 

| Fricative FRIC 5 

Vowel type 1 VWL1 6 

1 Vowel type 2 VWL2 7 

Vowel type 3 VWL3 8    1 
Vowel type 4 VWL4 9 

Vowel type 5 VWL5 10    I 

Vowel type 6 VWL6 11 

j Vowel type 7 VWL7 12    j 

Vowel type 8 VWL8 13    j 

Vowel type 9 VWL9 14 
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Not« that most of th« conventional linguistic groups of phonanes ara included 

in the table. Other groups, such as glides, have been omitted.* 

Recognition is divided into three parts: (1) Primary Classification, (2) 

Secondary Classification, and (3) Construction of the R-matrix. Primary 

classification is a serial process in which each sustained segment is first 

tested to see if it is a fricative; if it is not classified as a fricative, 

tests are sequentially performed for the following groups: 

. Vowel 

. Stop 

. Nasal 

Consonant 

The label "consonant" is attached to all those sustained segments not falling 

into the other categories. Because of this serial process, the phoneme groups 

given in Table 1 are not mutually exclusive. For, if a sustained segment 

satisfies the test for a vowel but could also fulfill the test for a nasal, it 

would never be considered a nasal since the vowel test precedes that for nasals. 

Secondary classification regroups adjacent fricatives and adjacent stops and 

detects and labels burst segments. Special tests are then performed to define 

beginning and ending segments. Finally, an array called the R-matrix, or 

feature matrix, is constructed. 

2.       PRIMARY CLASSIFICATION 

Primary classification consists of five steps of sequentially determining 

(1) fricatives. (2) vowels, (3) stops, (4) nasals, and (5) consonants. 

It is felt that if the original transitional segments occurring in secondary 
segmentation were retained, rather than being extended onto surrounding 
sustained segments, they might provide a clue for the existence of glides. 
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2.1      FRICATIVE DETERMINATION 

P(l) la labalad a frlcatlva (l.a.. TYPE(l) • S) If althar: 

(I) Z3(l) ^ 75 

and Al(l) < 20, 

or  (2) 60 s Z3(l) < 75. 

A3(l) » Al(l), 

and Aid) s 20, 

or  (3) 45 s Z3d) < 60, 

Al(l) $ 12, 

and A3d) * Al(l). 

In an attempt to axplaln tha abova thraa taats, wa nota that frlcatlvaa ara 

ganarally charactarlzad by a high Z3 fraquancy and a low Al anplltuda (a.g., 

aea [3] and [4]). Consider now the following diagram of tha Z3 and Al ranges: 

Center Freq. 

• ,_, 1 ^  
44  45 

1    1 
58  60 

I    l 
72  75 

Upper 1/2 

1 
100 
— 

Lowest 1/4 Second 1/4 

Z3 

J i. 
Al 

9     20 21        42        63 

Lower 1/3    Middle 1/3  Upper 1/3 
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Por Mac (I), t)(i) wise b# in «pprmlMttly th« M^M talf of d» tklti 

bmd, M4 Al(l) auat b« la eh« lowar ch!rd of «11 pooolklo Al Mollto4oo. 

Por toot (2), 23(1) it roqulrod only to bo U tko ooeoatf fourth of oil pooolUo 

23 voluoo. Al(i) auot «loo bo la tho looar chiri of ito roots oo boforo. 

o¥ort boconoo tha coaatralat on 23 baa boon loworoi, an aMltlonal coailtiont 
that A3d) < Aid), baa baoa addad. 

la taat (3). 23(1) haa tha aoalnal raqotriant to bo la tho lovoot foarth of «11 

23 fraquonelaa. ■ooooor, tho toat for Al(i) to now naia aoro atrinftott Aid) 

la now ra^uirod to bo la tha lowoat 201 of all of ita poaalbla «aloao. la 

addition, «o rotala tha roviiranaat that A3(i) ft Al(i) aa la toot (2). 

Tha condition that A3(i) » Al(i) la illvatratod by tha «nargy aH«tro oo gioon 

by Hains and ttavaaa [*]  (aaa Pigura 1). Thaaa ayoctra iadicata that tha abova 

taata ara raaaonabla for tha datandaatloa of tha fricativa ///. ■eaovar. 
thoy aaaa iaapproprlata for a charactarisatlon of /a/ ainea tha cotoff for IS 

ia 5000 He, «iharaaa tha apoctra iadicata that 23 la actually around SSOO - 9000 

Hi. 
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2.2 VOWEL DETCRNINATION 

If P(l) has not h—n Ubalad « frlcntlw. It la labalad a vewal* tft 

(1) It ia a local Mxlaua (i.a.t SXT(l) - 1) 
(2) Al(l)  * It 
(3) Al(l) ♦ A.(     ♦ A3d)  -• 25 

and 
(4) DURd)  > 8. 

Th« taat for a vowal aa glvan in eha progrca alao raquiraa chat 

S'OURd) ♦ Aid) ♦ A2d) + ASCI) i  90. 

Howavar* thl» condition la aupartluoua alnca it la autoaatlcalljr tapllad by 

condltlona (3) and (4). 

Canarally, a vowal la charactcrisad In eh« litaratura aa a apaach aagnant of 

aufflclant duration and «plltud«. In tha praaant caaa, thla la charaetarltad 

by condltlona (2), (3), and (4). Howavar, an additional conatraint, via, 

condition (1), la lapoaad. 

Each Pd) found to ba a vowal Ik b«algnad a typa nuabar TYPB(i) aa followat 

6 if 21(1) < 6 and 22(1) < 18 

7 if Zld) < 6 and 18 « 22(1) < 27 

8 if Zl(i) < 6 and 22(1) * 27 

9 if 6 < 21(1) < 9 and 22(1) < 18 

TTPE(i) -  ^ 10 if 6 s 21(1) < 9 and 18 s 22(1) < 27 

11 If 6 s Zl(i) < 9 and 22(1) * 27 

12 if 21(1) > 9 and 22(1) < 18 

13 if 21(1) > 9 and 18 s 22(1) < 27 

14 if 21(1) > 9 and 22(1) 2 27 

•In searching for a vowal «vary SXT(i) - 1 la raaat to 8XT(i) - f. That la 
th«r« ara no indicatora of local MXIMM laft frai thla point on. Por a 
d«tai?«d d«acrlption of tha aaaning of a local aaxiaaa, aaa [2] pp. 18-22. 
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Uli« Is illuocrotid in Plguro 2.    If 9 u •ubtraccod fro« eho typ« nuabor so 
that tho rant« *• ehnntod fro« 6-14 to 1-9. eho typo oorrotponds to tho vonol 

it 

IIMOMCI IT 

It 

3 6 9 

2 5 8 

1 4 7 

1100 HI» 
9 

1480 Hi» 
21 

Plguro 2. Vowtl SubclMaoo (adopttd froa Vlcona [1]) 

If toot« (1), (2), and (3) ara aatlaflad but (4) Is not, so that DUR(l) $ 8, 

than «a aaareh tha turrounding sagBaot« to find the on« most liksly to be a 

il. To parfora this saareh, wa bagln by defining 

AMPLIM - Al(l) ♦ A2(l) ♦ A3(l) - ^^^t^^^ 
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Than for j - l-l, 1-2, ... , we ■•arch backwarda from P(i) until a P(J) la 

found for which elthar 

Al(j) < 16 

or 

A1(J) •♦■ A2(j) + A3(J) < max (23, AMPLIM) 

or 

TYPE(J) - FRIC 

or 

SXT(j) • -1 (l.a.. P(J) is a local minimum). 

Ua than lat 

Kl - jfl and DUR1 - DUR(j+l). 

A forward aaarch la now mada for k ■ j-fl, J+2, ... , SIZEP to find a P(k) for 

which 

Al(k) i  16 

and Al(k) + A2(k) + A3(k) > max {25. AMPLIM} 

and TYPE(k) ^ FRICS 

and SXT(k) ft -1 (not a local minimum). 

Than If |0UR(k) - DUR1 | *  2 

and Al(k) + A2(k) -I- A3(k) i  A1(K1) + A2(K1) -I- A3(K1), 

or If |DUR(k) - DUR1 | > 2 

and DUR(k) > DUR1 

then we set DUR1 - DUR(k) 

and Kl ■ k and continue our forward search. 
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But whenever we find a P(k) for which 

Al(k) < 16 

or  Al(k) + A2(k) + A3(k) < max {25, AMPLIM} 

or  TYPE (k) - FRICS 

or  SXT(k) •» -1 (local minimum) 

or  k - SIZEP +1, 

then we consider P(K1) to be the best choice, and if 

5'DUR(K1) + A1(K1) + A2(K1) + A3(K1) * 50, 

then we let i - Kl and label P(i) a vowel, using the numbers TYPE(i) as given 

above. 

The literature on acoustic phonetics abounds with papers on vowel characterizations. 

Results from a few representative papers have been selected to help explain Vlcens' 

vowel subclasses. In particular, it is interesting to compare the present vowel 

classifications with those obtained by Peterson and Barney [5] and Forgle and 

Forgie [6] (see Figures 3 and 4). A glossary of the phonemic symbols used in 

Figures 3 and A is given in the appendix. A comparison of Figure 2 with 

Figures 3 and 4 indicates that the vowel classifications used by Vlcens do not 

correlate well with those obtained by either Peterson and Barney or Forgie and 

Forgie. First of all, Figure 2 indicates nine vowel categories, whereas Figures 

3 and 4 show ten. Also, Vlcens does not correlate his vowel categories with 

particular vowel phonemes. 

One reason for the poor correlation is due to hardware anomalies in the 

Vicens-Reddy system. Indeed, zero-crossings are not counted if below the 

threshold of .03V. This causes the Zl and Z2 frequencies to be lower than 

their actual values. These lower frequencies are reflected in the different 

cut-off values for the vowel categories. In addition, the three fixed front- 

end filters make it difficult to obtain formant 1 and formant 2 frequencies; 

I.e., Zl and Z2 can be poor approximations to the actual formant 1 and formant 2 

frequencies. 



——^^W^^^^BP 

29 March 1971 10 
System Development Corporation 

TM-4652/300/00 

1   ^ 
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FREQUENCY OF F1 IN H« 

Figure 3.    Formant 2 vs.  Formant 1 Vowel Plot 
(adapted from Peterson and Barney [5]) 
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Figure 4. Formant 2 vs. Formant 1 Vowel Plot 
(adapted from Forgie and Forgie [(,]) 
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2.3 STOP DETERMINATION 

If P(l) has not previously been labeled tlther a fricative or a vowel, It is 

labeled a stop (i.e., TYPE(i) - 3) if 

Al(i) <  12. 

In other words, Al(i) is required to be in the lowest 20% of all possible Al 

amplitudes. The choice of Al (rather than A2 or A3) seems dictated by the fact 

that A2 and A3 are normalized with respect to Al and could exceed the range 

0-63; however, Al is always guaranteed to be in this range. 

2.4 NASAL DETERMINATION 

If P(i) has not satisfied the tests for either a fricative, vowel, or stop, it 

is labeled a nasal (i.e., TYPE(i) - 2) if: 

(1) Al(i) ^ 12 

(2) Zl(i) i  5 

(3) 3'A2(i) s Al(i) 

and 

(4) 3'A3(i) s Al(i). 

It is important to recall that a vowel is distinguished by a local maximum. 

Thus, if P(i) satisfies the amplitude requirements for a vowel but not the 

duration requirement (i.e., DUR(i) < 8), then a search would be made of 

neighboring segments for one that is more likely to be a vowel. Such a 

segment, which could satisfy the tests for both a vowel and a nasal, would 

always be labeled a vowel. One possible improvement to the system could be 

made by performing the vowel and nasal tests concurrently rather than 

serially. 
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Nakata [7] and Fujlmura [8] have experimentally derived characteristic 

properties of nasals. For example, Figure 5 Illustrates a spectral envelope 

for a typical /m/. Note that the lowest resonant frequency (formant 1) Is 

In the range 200 to 300 Hz, which corresponds to 4-6 In the Vlcens-Reddy 

system. 

j 
u ■ 
Ü 
u 
0 

J 
bi 
> 
Id 
J 
u 
> 

< 
J 

Ü 

20 A / ""V t    \ 
\/ 

\ n 40 

\ / 

\ 

60 V 

1000 2000 

FREQUENCY IN Ha 

3000 

Figure 5. Spectral Envelope for a Typical /m/ 
(adapted from Nakata [7]) 

Condition (2) for a nasal requires that Zl(l) < 5. Since 

3 < Zl(l) < 5, 

we have that Zl(l) is either 3, 4, or 5, which corresponds closely to the range 

of 4 to 6. The remaining criteria appear to have been developed heurlstlcally 

and no further explanation will be offered. 

It appears from Figure 5 that the process of nasal determination could be 

Improved by adding a requirement that the highest resonant frequency (formant 3) 

be around 3000 Hz, i.e., that Z3 be approximately 60. 
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2.5       CONSONANT DETERMINATION 

If P(i) has not satisfied the tests for either a fricative, vowel, stop, or 

nasal, then It Is labeled a consonant (I.e., TYPE(l) - 1) If It satisfies the 

sole condition that It Is a sustained segment. 

3.        SECONDARY CLASSIFICATION 

At the completion of primary classification, each P-segment has been labeled. 

However, the linguistic label "burst" has not yet been assigned. Secondary 

classification begins by combining appropriate adjacent fricatives and stops. 

Various fricatives are then identified as "bursts." Next, appropriate tran- 

sltlonals, consonants, nasals, and stops are labeled "burst." Finally, bursts 

adjacent to other bursts or fricatives may be combined on the basis of tests 

given below. 

The P-matrlx Is recompacted, and a final determination of the beginning and 

ending segments Is performed. 

3.1       COMBINING OF ADJACENT FRICATIVES AND STOPS 

Adjacent fricatives and adjacent stops are combined on the basis of the 

conditions Illustrated In Table 2, where It assumed that the operations are 

performed for i-3, ... , SIZEP. 
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Table 2. Rules for Combining Adjacent Fricatives and Stops 

^-^^^  Case 1 2 3 4 5 6 7 8 9 10 

Condition ^***,**^^.>>^ 

TYPE(l) FRIC FRIC FRIC FRIC FRIC STOP STOP STOP STOP STOP 

TYPE(i-l) FRIC FRIC FRIC FRIC FRIC STOP STOP STOP STOP STOP 

CL0(1)<-12 NO NO NO NO NO 

|DUR(i)-DUR(i-l) S4 YES YES YES NO NO YES YES YES NO NO 

DUR(i)<DUR(i-l) YES NO YES NO 

NAT(I) SUST SUST TRAN SUST SUST TRAN 

NAT(1-1) SUST TRAN SUST TRAN 

Actions To Be 
Performed 1,2,4 1,3,4 1.4 1.4 1,3,4 1.2,4 1,3,4 1,4 1,4 1.3,4 

Note: The condition CL0(i)<-12 appeared in an earlier version of the program 
as CL0(i)<-4. 

The following actions are to be performed In conjunction with the table: 

1. DUR1 - DUR(l) + DUR(l-l). 

2. Recompute the parameter values of P(l-l) for Al, Zl, A2, Z2, A3, and Z3. 

This calculation is shown below, using Al as an example: 

AlMN(i-l) - min {AlMN(l-l), AlMN(i)}, 

AlH-n . Al(l-l)'DUR(i-l) + AKD-DURd) 
AMX X) DUR(l-l) + DUR(l) 

AlMX(i-l) - max {AlMX(l-l), A1MX(1)}. 

3. For columns 2 through 22 of the P-matrix, set 

P(i-l) - P(i). 

4. DUR(i-l) - DUR1, 

SXT(l-l) - min {SXT(l-l), SXT(l)}, 

move all the P-matrlx rows up one row, and set 

SIZEP - SIZEP -1. 
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U« sholl illuttrat« eh« us« of chit tabl« by conoidortat th» fellowint oxMplot 

•uppooo that 

TYPE(i) - PRIC and TYPB(i-l) - PMC. 

U« than chaek to aaa If 

|DUR(1) - DUR(1-1)| i  4. 

If It la, we check IUT(1) and HAT(i-l). If both are IDfT, aetiona 1, 2. and 4 

above are perfoned. 

3.2 IDENTIPICATIOM OP APPMPRUTB PlICATtVBS AS BDISTI 

Por 1-2, .... SIZBP, we label P(l) a burat (i.e.. TTPB(i) - 4) if P(l) haa 

previously been labeled a fricative (i.e., TTPI(i) - S), it satlsflea th« 

condition that* 

5*DUR(i) * 2*Z3(i) s ISO, 

and either: 

(1) DÜR(l) i 6, 

or 

(2) DUR(l) 2 3 and A3(l) s 41(1). 

or 

(3) DUR(l) 2 5 and 43(1) « 42(1). 

3.3 IDENTIPIC4TI0M OP 4PPR0PRI4TE TR4N8ITI0H4U. COmOMMTS. «4SAL8. 

4HD STOPS 4S BURSTS 

P(l) (1-2. .... SIZBP) la labeled a burst (i.e., TTPB(i) - 4) if RPB(i) • 0, 

1. 2. or 3 (I.e.. P(l) la already either a tranaitional, eonaonant, naaal, or 

stop) and Z3(i) 2 60 or 41(1) s 16. 

In an earlier version of the progrsn, this condition appeared aa 
S'DUR(i) + 2'Z3(1) s  140. 
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Howvvtr, if tlclMir 

Z3(l) < 60 or Al(l) > 16, 

aad my on« of th« following six ••et of conditions it Mtiafiod, v« also labal 

P(l) a burst*: 

(1) 40 t Z3(i) %  30. 

«(i) ♦ Z2(i) *  60, 

Al(i) * A2(l) < 20, and 

Al(i) i 6. 

(2) 60 S U(i) t  SO, 

Z3(l) ♦ Z2(i) < 60, 
Aid) ♦ A2d) < 20, 

Aid) > 6, and 

A3d) 2 Aid). 

(3) Z3d) > 50, 

Aid) + A2d) < 20, and 

Aid) * 6. 

(6) Z3d) > 50, 

Aid) + A2(i) < 20, 

Aid) > 6, and 

A3d) * Aid). 

(5) Z3(i) i  50, 

Z3d) + Z2d) > 60, 

Aid) + A2(i) < 20, and 

Aid) s 6. 

(6) Z3d) *  50, 

23(1) ♦ Z2(i) > 60, 

Al(i) ♦ A2(i) < 20, 

Al(i) > 6. and 

A3d) ^ Al(i). 

The condition 4f * Z3(i) < 50 in (1) and (2) appaarod in an aarllar version of 
ths progran as 45 < Z3(i) s  50. Also, ths condition Aid) £ 6 in (1), (3), and 
(5) waa originally Aid) < If» and ths condition Aid) > 6 in (2), (4), and (6) 
vas originally Aid) > 1#. 
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Halle, Hughaa, and Radley [9] hava noted that stop burota aay ba charaetarlaad 

as follows: 

/p/ and /b/ (the labial stops) hava a high concentration of energy 

around 500 - 1500 Hi; 

Itl  and /d/ (the postdental stops) have either a flat apeetn« or 

heve high energy concentretlone above 4000 Ha and around 300 Hat 

/k/ and Igl  (the palatal and velar stops) have high coneentratlona 

of energy around 1500 - 4000 Ht. 

The above data were obtained froa an analyals of energy apeetra of the phoneaee 

/p/. /b/, Itlt  /d/, /k/, and Igl.   Cloeer exenlnatlon of these apeetra reveala 

that the third foment frequency for /k/ end Igl  la characterlatlcally between 

3000 Ht and 4500 Ht, which corresponds to 

60 * Z3 s 90 

In the Vlcens-Reddy systsa. As steted above, e tranaltlonal, conaonant, naael, 

or stop with the property that 

23 2 60 

Is relabeled e burst. In this caae, e reeaonably eloee correlation exleto. 

However, no correspondence exists between the reaalnlng teata for a buret end 

the characterizations given in (9]. 

3.4      (7 rU.1ING BURSTS ADJACENT TO OTHER BURSTS OR FRICATIVES 

The entire P-matrix, beginning with P(2) Is seerched for buret segnents. When 

such a segment hes bsen found, the most adjacent previous eegpent (which has 

not been previously combined into another burst segment) Is examined to 

determine whether it is a burst or a fricative. If eo, then the buret segment 

P(i) is combined with the previous segment by adding DUR(l) to the duration 

of the previous burst or fricstivs segment. If the prevloue segment Is a buret, 

then its new duration is tssted and, if It is greeter than or equel to 80 ma.» 

the TYPE of the segment Is changsd from 4 (i.e., buret) to S (I.e., fricative). 

Independent of whether or not P(i) wee combined with e prevloue segment, P(l+1) 

is examined to determine if it is s burst or s fricative. If It Is, then P(l) 

is combined with P(i+1) by sdding DUR(l) to DUR(l-fl) and reeettlng the beginning 
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Q-MPMnt of P(i-fl) to point to the beginning Q-segment of P(i). Again, if 
P(l+1) is a burst, the new duration is tested and, if it Is greater than or equal 

to 80 as., TYPEd+l) is changed from 4 to 5. 

A pottlble result of this combining procedure is that a burst segment P(i) could 

be eoablned with a fricative or burst preceding it and also with a fricative or 

burst following It. The resulting duration of the two segments would then be 

erroneous. A more detailed description of this procedure can be found in 

Figure 6. 

3.5      DETERMINATION OF BEGINNING AND ENDING SEGMENTS 

The P-Mtrix is recompacted by suppressing all segments P(i) for which 

TTPE(i) ■ -1 (recall that all segments so flagged were previously combined with 
adjacent segments). Let k denote the row number of the last row of the 

recompacted P-matrix. 

Beginning with P(k), the P-matrix is examined backwards from 1 ■ k to 1 - 2 «is 

follows: if either: 

(1) P(l) is a stop 

or 

(2) P(i) is not a stop, burst, or fricative but 

A'DURd) + 2'A1(1) < 36, 

then P(i-l) is examined similarly until we find a P(l) which satisfies 

neither (1) nor (2). Such a P-segment is either: 

(1) a burst or 

(2) a fricative or 

(3) not a stop, burst, or fricative but 

4«DUR(1) + 2'A1(1) > 36. 

If P(i) is a burst, then we set 

SIZEP - i and DUR(i) - max {6, - DUR(i)}. 

This implies that the ending segment is a burst of duration not less than 60 ms. 
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If P(l) is a fricative, then we set 

SIZE? - 1 and DUR(i) - min {12, DUR(i)}. 

This Implies that the ending segment is a fricative of duration less than or 

equal to 120 ms.  If DUR(i) is now < 10 

or 

5«DUR(i) + Z3(i) s 110 

or 

Al(i) + A2(i) < 8, 

then we set 

TYPE(l) - 4, 

i.e., the fricative f(i)  is relabeled a burst. 

If P(l) is not a stop, burst, or fricative but 

4«DUR(i) + 2'A1(1) > 36, 

then we set 

SIZE? - min {k, i+1}. 

This means that if i - k, the speech sample ends with a consonant, nasal, vowel, 

or transitional. However if i < k, the sample ends with the segment following 

P(l). This may be a vowel, nasal, or consonant which did not pass the test, 

or a stop. 

To determine the beginning segment of the P-matrix, If P(2) is a stop and 

DUR(2) is greater than 5, then the beginning Q-segment of P(2) is defined to 

be SBG(2) ■ SBG(2) + DUR(2) -5 and we set DUR(2) - 5. 

A more detailed description of the handling of beginning and ending segments 

can be found In Figure 7. 
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4.       CONSTRUCTION OF THE R-MATRIX 

The results of primary and secondary classification will now be used to construct 

an array called the R-matrlx, or feature matrix. This matrix will be used in the 

lexicon lookup portion of the program to identify a spoken message. 

The R-matrix consists of 10 columns and a maximum of 40 rows. Let R - (r..), 

where 1-1, ... , m and j - 1, ... , 10, where m < 40. The first row of R is 

defined as follows: 

■ number of vowels In the message, 

■ number of fricatives in the message, 

■ an unused position of the array, 

- m +1, 

■ row number of first* vowel appearing in message, 

■ row number of second vowel appearing in message, 

- row number of third vowel appearing in message, 

■ row number of fourth vowel appearing in message, 

- row number of fifth vowel appearing in message, 

r, -0 ■ an octal pattern representing the sequence of vowels and 
fricatives in the message; an octal "1" represents a vowel, 

and an octal "2" represents a fricative. 

r. 
,1 

r. ,2 
r. >3 

r. ,4 

^ 
.5 

r- ,6 

^ ,7 

r. ,8 

r. ,9 

If the message contains only one vowel, rj^-r. 7 
m r.  e, m T-\  O'^. 
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The remaining rows of the R-matrix are defined as follows for i ■ 2, ... , m: 

r. . •■ alphanumeric phonemic label of F(i) (see Table 1 for the four- 

1,2 

character phonemic labels), 

DUR(i), the length of P(i) in minimal segments, 

ri.3 
- Al(i), 

ri.4 
- Zl(i), 

ri.5 - A2(i), 

ri.6 
- Z2(i), 

ri.7 - A3(i), 

r1.8 - Z3(i), 

ri.9 
- SXT(i). 
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APPENDIX 

Vowel Phonemes as Adapted from Reddy [10] 

PHONBMK At IN 

i eve 

I it 

£ met 

de at 

P bird 

A "P 

a father 

D all 

U font 

0 boot 

Note: e as In "mate" and o as in "obey" are not 

Included because they are considered to be 

diphthongs. 



I 29 March 1971 29 
(Last pag«) 

System Dtvelopmant Corporation 
TM-4652/300/00 

REFERENCES 

P. Vleans, Aapacts of Spaach Racognltlon by CoBPutar. Stanford Unlvarslty, 
Mamo AI-85 (CS 127), 1969, 210 pp. 

I. Kamany and H. B. Ritaa, Daacriptlon and Analysis of tha Vicana-Raddy 
Praprocasslng and Sagmantatxon Algorlthaa. System Davalopmant Corporation, 
Technical Mamorandum TM-46S2/200/00, 4 Dacaaber 1970, 63 pp. 

G. W. Hughes and M. Halle, Spectral Ptopertles of Fricative Consonants, 
J. Acoust. Soc. Amer.. 28(1936), 303-310. 

J. N. Heins and K. N. Stevens, On the Properties of Voiceless Fricative 
Consonants, J. Acoust. Soc. Amer.« 33(1961), 589-596. 

G. E. Peterson snd H. L. Barney, Control Methods Used In a Study of tha 
Vowels, J. Acoust. Soc. Aaer.. 24(1952), 175-184. 

J. U. Forgle and C. D. Forgle, Results Obtained from a Vowel Recognition 
Computer Progra.9, J. Acouat. Soc. Amer.. 31(1959), 14^0-1489. 

K. Nakata, Synthesis and Perception of Nasal Consonants, J. Acoust. Soc. 
Amer., 31(1959), 661-666. 

0. Fujimura, Analysis of Naaal Consonants, J. Acoust. Soc. Amer.. 34(1962), 
1865-1875. 

M. Halle, G. W. Hughes, and J.-P. A. Radley, Acoustic Properties of Stop 
Consonants, J. Acoust. Soc. Amer.« 29(1957), 107-116. 

10. D. R. Reddy, An Approach to Computer Speech Recognition by Direct Analysis 
of the SpeechWave. Stanford Unlvaralty. Memo AI-43 (CS 49). 1966. 144 pp. 



UWCLASSIPIED 

ggflüHi 
tUtmtt* rHttUlm UJJB^^B^^HS 

Systaa D«v«lopaent Corporation 
Santa Monica, California 

OOCIMINT CONTIOL DATA • 14 D 

UnclasRlflad 
•*. «now» 

Daacrlptlon and Analysis of tho Vleans-Raddy Recognition Algorithm« 

« ei«CMt»TivlM*TI«rl>y««fMMM«mflM«Mf«««»fM| 
Tachnlcal Raport ~ wov 1970 - Ma^ch 1971 

T iwTamwTWsnss! SUB BWK ssfisg) 
Irla Kamany 
H. Barry Rlteu 

H nan wn 
29 March 1971 29 10 

M. CONTMACT «R «««NT N«. 
DAHC15-67-C-0149 

ARPA Order #1327, Amendment 13, Program 
.Code No. 1D30, and 1P10. 

TM-4652/300/00 

«•i 

(TMIM ntPAHT New 
M«MpMt> 

m«t«ar imTSSifSS' 

• •   MtTMMITieM IflfBSB? 

Distribution of this document Is unlimited. 

wr 

i». «»«Ntenift 

ST 
This document provides a detailed description and analysis of the recognition 
algorithms used In the Vlcens-Reddy speech recognition system. 

DD .'r..1473 
flirUSSTF.TF 

Securily CUit(n< cation 



Stcutiiy CUttificahon 
ktNH   4 

n*bl      mr 

kINH  • LINK   C 

MOkl «T NOLI «•» 

Automatic Speech Recognition 

Acoustic Phonetics 

JL 
UNCLASSIFIED 

tocwlty ClatBiflealleii 


